Switches are crucial elements for the construction of complex molecular machinery. There are numerous examples of supramolecular systems that can interconvert between two or more distinct states via photochemical, electrochemical or chemical stimuli.1 However, most examples of switching self-assembled supramolecules involve systems in which the structures alternate between two extreme states. Specifically, a discrete and well-defined supramolecule can be induced to disassemble into its constituent subunits2 , 3 or to form higher-order and illdefined aggregates (e.g. self assembled polymers, gels).4 On the other hand, switching between two discrete and well-defined assemblies of relatively high molecularity (> 8 subunits), which are robust enough to form with high fidelity, yet sensitive enough to switch induced by subtle changes in the environment remains a challenge.5 Here we show the reversible switching between a self-assembled hexadecamer (H) and an octamer (O) with high fidelity (e.g. from 100% H to ~100% O) by simply changing the solvent from CD 3 CN to CDCl 3 respectively. Our results suggest that the switching is triggered by an unprecedented indirect mechanism resulting from a subtle interplay between the lower activity of potassium iodide in CDCl 3 and the steric crowding within the supramolecule.
Lipophilic guanosine derivatives self-assemble into planar hydrogen-bonded tetramers (Gtetrads, Figure 1 ), which further stack to form supramolecules known as G-quadruplexes. 6 We have demonstrated that the supramolecular properties of 8-phenyl-2'-deoxyguanosine derivatives (8PhGs), such as their thermal stability and their selectivity for binding metal cations, can be modulated by the presence of a para-(pAGi) or a meta-(mAGi) acetyl group. 7 In organic media and under identical conditions, pAGi forms an octamer whereas mAGi forms a hexadecamer. In fact, the 8-(m-acetylphenyl)-moiety induces the formation of hexadecamers very reliably, in both organic and aqueous media and even with large, sterically demanding groups like dendrons attached to the sugar ring. 8 Similar to mAGi, titration of a solution of the novel 8-(m-ethoxycarbonylphenyl)-2'-deoxyguanosine (mECGi) with KI in CD 3 CN shows initially the formation of an octamer (at low [KI], Figure 2a) . The eventual addition of more KI (0.5 eq.) leads to the formation of a hexadecamer with high fidelity (Figure 2b) . 9 The 1 H NMR spectrum shows the characteristic double set of signals corresponding to two pairs of tetrads (N 1 H) in different chemical environments (Figure 2b ). The 2D NOESY spectrum also shows signature cross peaks that are characteristic of the hexadecamer (mAGi) 16 ( Figure S8 ). 9 DOSY NMR experiments in CD 3 CN gives a molecular translational coefficient (D) value of (6.05 ± 0.15) × 10 −10 m 2 s −1 at 298 K, corresponding to a hydrodynamic radius (r H ) of 10.6 Å.10 , 11 Similarly, vapor pressure osmometry (VPO) measurements of mECGi in CD 3 CN gives a molecular weight of 9,192 Da, which is consistent to the value expected for a hexadecamer 12 .
Although similar, the resulting hexadecamers formed by mECGi and mAGi have important differences. Dose-response curves show that the proportion of (mECGi) 16 is higher than that of (mAGi) 16 at the corresponding values of log [KI] (Figure 3a) . 13 Analysis of such curves yield Hill coefficients (n H ) of 5.4 ± 0.4 for (mECGi) 16 and 5.0 ± 0.6 for (mAGi) 16 , suggesting that the formation of the former might be slightly more cooperative. 9, 13, 14 On the other hand, (mECGi) 16 (T m = 323.5 K) is thermally less stable than (mAGi) 16 (T m = 329.2 K) ( Figure  3b ). NMR studies show that the high level of cooperativity in the assembly and disassembly of these systems result from a very close-packing of the subunits. 15 Thus, the increased steric repulsion induced by the larger ethoxy groups destabilizes (mECGi) 16 .
Surprisingly, and unlike mAGi that consistently forms a hexadecamer, changing the solvent to CDCl 3 shifts the equilibrium from the hexadecamer (mECGi) 16 Figure S9 ) and DOSY experiments in CDCl 3 are also consistent with the formation of an octamer, with the latter giving a D = (6.57 ± 0.12) × 10 −10 m 2 s −1 at 298 K, which corresponds to a hydrodynamic radius (r H ) of 6.13 Å. 9 We hypothesized that a change in the activity of the potassium cation, induced by a change in solvent, is at the heart of this phenomenon. But, how does changing the solvent decreases the activity? In a solvent of low relative permittivity, such as chloroform, KI is expected to exist primarily as a solvated contact ion pairs with practically no "free" solvated ions in solution and the energy of such contact ion pair is similar to that of a covalent bond. 16 On the other hand, in a solvent of intermediate relative permittivity, such as acetonitrile, KI is expected to exist as a mixture of solvated contact ion pair and free solvated ions that are more available for complexation. 9 To further support the hypothesis of the lower potassium cations activity, we tested two independent ways to reduce it; by adding a competitive cationophore (i.e. [2.2.2]-cryptand) 4 and by using a smaller anion (i.e. from I − to Cl − ). 17 Using the [2.2.2]-cryptand enables the switching of both (mECGi) 16 and (mAGi) 16 to their respective octamers (Figure 4c , Figures  S11-12 ). 9 Similarly, when KCl is used as the source of potassium, the equilibria in CD 3 CN for both mECGi and mAGi are displaced away from the hexadecamer and towards the octamer, leading to a mixture of assemblies (i.e. lower fidelity, Figure S6 ). 9 Unfortunately, the selective switching of (mECGi) 16 over (mAGi) 16 is not obtained under any of these conditions, which underscores the advantage of using the solvent as the triggering mechanism.
So far we have established that the differential switching of (mECGi) 16 over (mAGi) 16 is related to the lower stability of the former and the lower potassium cations activity. At higher potassium cation activities, the formation of the hexadecamer is favored over the formation of an octamer. After the stimulus, the driving force for the decay ( (Figure 4) . 18 Only when G d is negative ( H > of potassium cations inside the hexadecamer ( K, H ), relative to the "free" solvated cations in solution ( K, S ). This concentration gradient ( K ) induces a spontaneous net flow of potassium cations away from the hexadecamer as described by K, S = K, S2 -K, S1 = RT ln (a K, S2 / a K, S1 ), where a K, S1 and a K, S2 are the activities of free solvated potassium cations, with 1 and 2 referring respectively to the states before and after the stimulus has been applied. 18 Before the stimulus, the system is at equilibrium for both mECGi and mAGi, therefore K, H1 = K, S1 and H1 < O1 . Immediately after the stimulus K, H1 > K, S2 (with a K, S2 < a K, S1 ) until a second equilibrium is attained, where K, H2 = K, S2 . Since a K, S2 < a K, S1 it follows that H2 > H1 (Figure 4) . When the stimulus consists on switching the solvent (CD 3 CN to CDCl 3 ), for mAGi, H2 < O2 so the hexadecamer remains, but for mECGi, H2 > O2 , therefore the hexadecamer decays to an octamer (Figure 4b ). What pushes H2 over the threshold for mECGi, relative to mAGi, is the increased steric crowding within the supramolecule described earlier.
Interestingly, the switching process is not instantaneous and it takes approximately 110 min for full interconversion, showing a short-term memory effect ( Figure S10 ). 19 Analysis of the kinetic data shows that the dissociation process from the hexadecamer to the octamer is first order with respect of the hexadecamer (t 1/2 = 19.25 min). 9 EXSY NMR experiments revealed that the exchange between monomeric subunits and (mECGi) 16 occurs only with the outer tetrads. 20 These results support a mechanism of interconversion in which the hexadecamer peels off the subunits in the two outer tetrads leaving behind an octamer, which were formerly the inner tetrads (Scheme 1). Because the cation exchange is at least three orders of magnitude faster than subunit exchange, we propose that the decay is mediated by the transient formation of a metastable hexadecamer (H*, Scheme 1) leading to the eventual formation of the octamer.
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Since hydrophilic versions of 8PhGs can self-assemble isostructurally in aqueous media, 8a the principles reported could be applied to the development of supramolecular nanoprobes for cellular studies. Given that the interior of cells is remarkably heterogeneous, such probes could be developed to dynamically switch their constitution as a function of specific cellular environs. Such switching will encompass changes in size, shape and the number of functional groups at the surface of the supramolecule, we expect that the resulting probes will open new windows into the interior of cells. The results of such studies will be reported in due course.
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